Perivascular epithelioid cell tumors (PEComas) are mesenchymal neoplasms with immunoreactivity for both melanocytic and smooth muscle markers. PEComas occur at multiple sites, and malignant PEComas can undergo metastasis, recurrence and aggressive clinical courses. Although the lung is a common metastatic site of PEComas, they usually appear as multiple nodules but rarely become cystic or cavitary. Here, we describe a female patient whose lungs manifested multiple cystic, cavity-like and nodular metastases 3 years after the resection of uterine tumors tentatively diagnosed as epithelioid smooth muscle tumors with uncertain malignant potential. This patient's subsequent pneumothorax necessitated video-assisted thoracoscopic surgery, and examination of her resected lung specimens eventually led to correcting the diagnosis, i.e., to a PEComa harboring tuberous sclerosis complex 1 (TSC1) loss-ofheterozygosity that originated in the uterus and then metastasized to the lungs. The administration of a gonadotropin-releasing hormone analogue later stabilized her clinical course. To the best of our knowledge, the present case is the first in the literature that associates PEComas with a TSC1 abnormality. Additionally, the pulmonary manifestations, including imaging appearance and pneumothorax, somewhat resembled those of lymphangioleiomyomatosis, a representative disease belonging to the PEComa family. Although PEComas are rare, clinicians, radiologists and pathologists should become aware of this disease entity, especially in the combined clinical setting of multiple cystic, cavity-like, nodular lesions on computed tomography of the chest and a past history of the tumor in the female reproductive system.
Introduction
Perivascular epithelioid cell tumors (PEComas) are the family name of mesenchymal neoplasms composed of characteristic perivascular epithelioid cells, which usually express both melanocytic and smooth muscle markers [1] . PEComas predominate in females, and representative diseases are angiomyolipoma, lymphangioleiomyomatosis (LAM) and clear cell "sugar" tumor of the lung. However, PEComas occurring in such varied anatomic sites as the uterus, uterine cervix, gastrointestinal tract, kidney, liver, breast and lung [2e8] are collectively termed "PEComa not otherwise specified" (PEComa-NOS). These tumors are so-named, because they fail to meet any criteria for a conventional disease entity defined by histopathological findings [2] . Other than the retroperioneum, the uterus is the site most commonly affected by PEComas [9] . Some kinds of PEComas, especially angiomyolipomas, LAM occurring in the setting of tuberous sclerosis complex (TSC) and sporadic PEComas, frequently have loss of function mutations in the TSC1 or TSC2 gene. Furthermore, a subset of PEComas harbors transcription factor E3 (TFE3) gene fusions, which have been demonstrated in several types of neoplasia like soft-part neoplasia [10] .
PEComas may have malignant potential and behave aggressively [11] . Although lungs are a common metastatic site for this tumor, pneumothorax due to lung PEComas has never been reported. The unique presentation of pneumothorax in lungs bearing multiple cystic, cavity-like, nodular lesions on computed tomography (CT) images of the chest reported here was subsequently diagnosed as a metastasis to the lungs of a malignant uterine PEComa.
Case presentation
A 44-year-old woman was referred to our hospital for the evaluation of lung nodules in May 2015. Her past medical history noted that she had been admitted in May 2012 because of a massive intraabdominal hemorrhage caused by the rupture of a subserosal uterine leiomyoma extending into the broad ligament. Enucleatic myomectomy (6.9 cm in size) was performed, and pathological examination yielded a diagnosis of an epithelioid smooth muscle tumor of uncertain malignant potential. No apparent dissemination was noted. In September 2013, right oophorectomy was performed to resect an endometrial cyst, and monthly treatment of endometriosis was initiated with a gonadotropin-releasing hormone (GnRH) analogue (1.88 mg of leuprorelin acetate) lasting until May 2014. Meanwhile, a small amount of ascites present before the initiation of GnRH treatment increased after its discontinuation, as pelvic magnetic resonance imaging showed.
At this patient's initial presentation to our hospital in May 2015, the results of physical examination were unremarkable, and blood tests revealed no abnormalities with the exception of increased carbohydrate antigen 125 (263 U/ml; normal range, 0e35). However, a computed tomography (CT) scan of her chest depicted bilateral scattered lung nodules, cavity-like lesions with inhomogenously-thickened walls and multiple thin-walled cysts (Fig. 1) . Thereafter, her monthly subcutaneous injections of GnRH analogue resumed to regulate the endometriosis and ascites.
Four months later (September, 2015), she came to the Emergency Department with back pain of 3 days' duration on her right side. After chest radiography revealed a right-side pneumothorax, she was hospitalized and a chest tube was placed. Although the lung was well expanded by continuous suction, air leakage from the chest tube still remained. A chest CT on the 6th hospital day portrayed the new cyst in the S 8 area of the right lung ( Fig. 2A) .
Accordingly, video-assisted thoracoscopic surgery was performed on the 10th hospital day. We detected air leakage at the site of this new cyst by conducting a water sealing test; therefore, a partial resection of the right lung surrounding the cyst followed (Fig. 2B) . Additionally, partial resection of the solid nodule in the basal region of the right lung was performed. Air leakage disappeared immediately after the resection, and the chest tube was removed on the next day. Pathological examination of the S 8 area revealed a bullous cyst with nodular proliferation of tumor cells at the basal region of lung parenchyma ( Fig. 3A and B). The bullous cyst wall was composed of thickened visceral pleura and was infiltrated by tumor cells; elastic fibers in the visceral pleura were markedly disrupted (Fig. 3B) . A cavity-like lesion was included in the resected specimen and consisted of normal alveolar tissue and nodular proliferation of tumor cells (Fig. 3C ). No tumor necrosis, which is generally assumed to lead to the formation of cavitary lesions, was identified within the resected specimen. The nodule at the right lung base was 10 mm in its size of the maximum diameter. This nodule was mainly composed of tumor cells, and epithelial cells covered its surface (Fig. 3D ). All tumor cells proliferating in visceral pleura and lung parenchyma were round-or spindle-shaped, bearing clear to eosinophilic cytoplasm, and normochromatic ovoid or polygonal nuclei (Fig. 3D) . Although no cytological pleomorphism, necrosis or vascular invasion were apparent, the mitotic rate was about 1/50 high-power fields (HPF). Immunohistochemically, the tumor cells were positive for immunostaining with monoclonal antibody clone HMB45, hence expressing melanoma-associated antigen gp100 (Fig. 3E) , and also positive for a-smooth muscle actin (a-SMA) (Fig. 3F) . Those cells were also positive for the estrogen and progesterone receptors, desmin and vimentin, but negative for Melan-A and S-100 (data not shown). Based on these findings, we diagnosed the lung lesions as PEComa-NOS.
Considering the foregoing evidence, we re-evaluated the uterine specimen that had been diagnosed as an epithelioid smooth muscle tumor of uncertain malignant potential (Fig. 4A) . That tumor was approximately 7 cm in diameter and diffusely composed of cells showing a morphology similar to those found in the lung specimen (Fig. 4A); i.e., rounded tumor cells with clear to lightly eosinophilic cytoplasm and normochromatic ovoid or polygonal nuclei. Neither cytological pleomorphism, mitosis nor vascular invasion was found, but cellularity was increased and some areas of the tumor were necrotic. Immunohistochemical examination of the tumor cells demonstrated that tumor cells were positive for gp100 (Fig. 4B ) and a-SMA (Fig. 4C) .
To determine the molecular basis of this PEComa, we tested for loss of heterozygosity (LOH) at the TSC1 and TSC2 loci. We found that tumor cells from the lung as well as uterus harbored only TSC1 LOH with an identical LOH pattern (Fig. 5) . No TFE3 gene fusion was observed in the lung's tumor cells by RT-PCR analysis (data not shown). Therefore, we concluded that the PEComa-NOS (uterine PEComa) that had been resected 3 years earlier slowly developed pulmonary metastases and caused the pneumothorax by forming a neoplastic cyst underneath the visceral pleura and eventually disrupting it.
Since the sizes of the pulmonary cysts and nodules remained unchanged after the initiation of treatment with GnRH analogue, except for the nodule that underwent cystic change and triggered the pneumothorax, we continued GnRH therapy without additional medication after establishing the diagnosis. Presently, approximately 24 months have passed in which no new pulmonary metastasis or enlargement of the existing pulmonary lesions have been identified.
Discussion
To the best of our knowledge, the patient described here is the first documented as developing a pneumothorax caused by cystic, cavity-like, nodular pulmonary metastases from a PEComa-NOS (uterine PEComa). Although several reports have appeared in which imaging [12] or clinical features [13] of uterine PEComas and pulmonary metastasis were cited, those accounts were limited to the imaging scans of pulmonary metastasis or discrete nodular lesions. No narrative citing such patients who developed a pneumothorax is available in the literature. Acosta AM and Adely BP recently reviewed 16 reports of clinically aggressive PEComas of the uterine corpus (CAPUs) comprising a total of 20 patients: half of them had lung metastases, all had radiologically evident nodules, but none had the complication of a pneumothorax [13] . Interestingly, but not an exception, one publication pertained to a patient whose acute presentation of a PEComa and a spontaneous uterine rupture resembled but did not duplicate our patient's situation [14] . Intraperitoneal dissemination due to microscopic or macroscopic rupture of the serosa overlying a tumor could occur in CAPUs. Although no macroscopic implants were reported at the operation on our patient's endometrial ovarian cyst, possibly microscopic intraperitoneal implants might have caused her ascites rather than the endometriosis.
The pulmonary manifestations of CAPUs require clear differentiation from LAM, leiomyosarcoma and low-grade endometrial stromal sarcoma (ESS) [13] . We previously described a patient with ESS who showed cystic, nodular and cavitary lung metastases to the lungs and also the complication of a pneumothorax induced by tumor-cell infiltration of the visceral pleura [15] . Accordingly, our first diagnosis for the present patient was a suspicion of low-grade ESS based on the clinical presentation and imaging appearances similar to those we previously treated [15] . However, the current patient had no true cavity formation due to central ischemic necrosis within a metastatic tumor nodule, a finding frequently seen in malignant neoplasms. Indeed, histopathology demonstrated that the "cavity-like" object on her CT image was a focal proliferation of tumor cells along the pre-existing bullous cyst wall. This histopathologic feature also resembled that found in LAM, a representative disease of PEComa family, but this focal proliferation was more prominent than in LAM, eventually mimicking cavitary lesions on a CT image. In this context, the pulmonary manifestation of present patient seems to be a sort of "intermediate phenotype" between that of LAM and those of an ordinary pulmonary metastasis from CAPUs and other neoplasms. The uterine PEComa of the present case was considered malignant from not only a clinical but also a pathological viewpoint. Folpe et al. reviewed 26 patients with PEComas, and then proposed to classify them into benign, uncertain malignant potential and malignant categories [11] . They suggested that malignancy was predicted by the presence of two of the following findings: tumor size >5 cm, infiltrative growth pattern, high nuclear grade and cellularity, mitotic activity >1/50 HPF, necrosis and vascular invasion. Recurrence and/or metastasis in their report were strongly associated with tumor size >8 cm, mitotic activity >1/50 HPF and necrosis. Based on their criteria, we classified the uterine PEComa in the present patient as malignant in terms of its size, increased cellularity, necrosis and metastases to the lungs.
The genetic background of the PEComa of this patient was associated with TSC1 LOH; presumably, this is the first PEComa documented in which a tumorigenic TSC1 abnormality seems to be involved. A comprehensive genetic analysis of 38 PEComas revealed the dichotomy of genetic abnormalities, either TSC2 mutations or TFE3 rearrangement; no TSC1 mutations were identified [16] . Although each protein product encoded by the TSC1 and TSC2 genes forms a heterodimer and exerts inhibitory control on the downstream mechanistic target of rapamycin (mTOR) pathway, it is wellknown that clinical pictures of patients with TSC have the milder TSC1 disease than the more severe TSC2 counterpart [17] . Although a histopathologic diagnosis of malignant PEComa was established in our patient, her clinical course may prove to be optimistic because of its stabilization by GnRH therapy so far. No new pulmonary lesions have been found as of this writing. We speculate that this mild phenotype would have something to do with TSC1-driven tumorigenesis, similar to the situation in patients with TSC. Currently, no therapeutic strategy for PEComas has been established. However, since several studies have shown clinical benefits from mTOR inhibitors in PEComa recipients, such sirolimus, everolimus or temsirolimus [18] , this option would be well worth attempting as treatment, if needed.
Conclusion
PEComa, especially PEComa-NOS (uterine PEComa), is a rare disease, therefore clinicians and pathologists have difficulty in its diagnosis. Yet, awareness of PEComas should be considered in the differential diagnosis for female patients with cystic, cavity-like, nodular pulmonary lesions and a history of a neoplasm in the reproductive organs.
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